The Preservation of Arterial Grafts by Freeze-drying By C. G. ROB, M.C., F.R.C.S.
Professor ofSurgery, St. Mary's Hospital, London ARTERIAL grafts have been used for about six years in the treatment of abnormalities in patients and for nearly fifty years in experimental animals. Carrel was awarded the Nobel prize in Medicine in 1912 for his work on blood-vessel grafting aind Lexer in 1913 reported that he had resected 3 aneurysms and restored continuity in each patient with an'autogenous vein graft.
Of recent years the indications for blood-vessel grafting have increased:
(1) Congenital abnormalities, e.g. a long coarctation.
(2} Aneurysms and arteriovenous fistulas.
(3) Wounds (a) as a primary measure, (b) if symptoms develop after ligation. (4) Primary thrombosis, e.g. popliteal artery. (5) After some emboli. (6) Occasionally in malignant disease. (7) In some patients with arteriosclerosis.
Senile obliterative arterial disease or arteriosclerosis is a general disease which affects the arteries of the whole body and the operation of artery grafting can only produce a local effect. In this disease, therefore, it is only justified in exceptional circumstances. To make this point clear, of those patients who have consulted us on account of intermittent claudication due to arteriosclerosis andwho were anatomically suitable for grafting only 1 in 30, or 3 %, has been grafted by us.
This increase in the use of blood-vessel grafts has focused attention upon the storage of arteries. It is this branch of blood-vessel grafting which I intend to discuss.
The first artery bank was started by Carrel in the first years of this century. He stored his grafts in Locke's solution at a degree or so above freezing point in a refrigerator. The results in experimental animals were good. In 1909 Levin and Larkin reported a series of experiments in which arteries were preserved in 4% formaldehyde; their results were not encouraging. But in 1919 Guthrie stated that a vena cava preserved for sixty days in this way had functioned satisfactorily for eleven years as a graft in the carotid artery of a dog. Many others have repeated this work; to-day it can be stated that formalin-preserved grafts are inferior to refrigerated, frozen or freeze-dried vessels.
The next advance came in 1949 when Gross, Bill and Peirce described their human artery bank. They modified Carrel's technique and stored their arteries in 10% homologous serum in a balanced salt solution to which was added a buffer, a pH indicator, streptomycin and penicillin. Arteries stored in this way have now been used in many hospitals and the results have been excellent provided that the period of storage has not exceeded six weeks. Unfortunately this time limit has proved to be a real obstacle because suitable donors are hard to obtain.
Frozen storage (Eastcott and Hufnagel, 1950) at temperatures of between -20°C. and -79°C. solved the problem of storage time. -Arteries stored in this way have been kept for years and have proved to be satisfactory in clinical practice. The main defect of frozen storage has been that the grafts are difficult to transport from hospital to hospital and a costly deep-freeze is necessary.
FREEZE-DRYING
This technique was first used for preserving arteries by Marragoni and Cecchini (1951) . They reported that of 20 such grafts the results were excellent in 16 of the animals. 9 freeze-dried arteries from our bank have been used in patients with satisfactory early results in 7. Figs. 1 and 2 show such a graft in position.
Theory offreeze-drying.-Every substance can be in a solid, liquid or gaseous state, depending upon the temperature and the pressure. X It is possible by altering the pressure to convert a solid such as ice to a vapour without the solid melting and becoming a liquid. This process is known as sublimation. In the case of a mixed solution such as human tissue fluids, the eutectic point is the temperature at which freezing begins. "Freezedrying" or "drying by sublimation" makes use of the fact that removal of the water from mammalian and other cells by sublimation does not denature the proteins (denaturation is a tendency for protein Section of Surgery Proceedings of the Royal Society of AMedicine molecules to aggregate and become insoluble as when an egg is boiled). This means that some human tissues after freeze-drying are indistinguishable macroscopically and microscopically from normal tissues; they are, however, dead. Technique offreeze-drying arteries.-The vessels are removed with full aseptic precautions from a suitable donor. They are then placed in a sterile empty pyrex tube and frozen to -79°C.; they are kept frozen until dry. We freeze-dry by subjecting the frozen graft to a high vacuum (0 05 mm.Hg approximately). Fig. 3 illustrates the method. With this low pressure water is freely able to leave the graft as vapour which is collected as ice on the condenser; any water vapour which passes this is trapped in the P205 just before it reaches the vacuum pump. The graft must remain frozen until most of the water has been removed. This is achieved in the case of small volumes of material by the loss of the latent heat of evaporation and, to date, we have relied on this to keep the grafts frozen during drying. The experimental work which shows that external cooling is unnecessary during the drying of an artery will be published elsewhere by H. H. G. Eastcott. Others, notably those at the Naval Medical Center at Bethesda, Maryland, have used external cooling. This phase of drying by sublimation lasts between five and nine hours depending upon the bulk of material to be dried; by this time 95 % or more of the water has been removed and the grafts have warmed to room temperature since the cooling effect of evaporation has now ceased.
After this process of primary drying has continued for a full working day the vacuum is broken and the grafts transferred to a desiccator which contains a tray of P205. This desiccator is then evacuated and the grafts left for at least three or four days at room temperatures, during which period of secondary drying a further 3 % or 4 % of the original water content is removed by the P205, leaving only I % to 2 % still present in the artery. The final stage consists of the removal of the tubes from the desiccator, their closure with a special rubber bung, final evacuation via a hypodermic needle passed through the rubber and sealing with picien wax. It is stressed that the most careful aseptic technique must be practised throughout because freeze-drying in this way only reduces the number of bacteria; it does not sterilize the grafts.
To reconstitute the artery sterile isotonic saline should be introduced without breaking the vacuum until the tube is full. The graft requires about thirty minutes to rehydrate, after which period the branches are tied and it is made ready for use.
Grafts preserved by freeze-drying can be stored for many years at room temperatures and carried in the surgeon's instrument bag. In my opinion no surgeon should operate on such a condition as coarctation of the aorta without a suitable graft being available for him to fall back on if an end-to-end anastomosis proves to be impossible.
The follow-up on the freeze-dried grafts is too short but the early results show 7 immediate successes and 2 failures. I would also like to stress the much poorer results when the reason for grafting has been an arteriosclerotic thrombosis.
THE BEST WAY TO STORE ARTERIES
In the present state of our knowledge freeze-drying is the most convenient way of storing arteries. It has one possible theoretical disadvantage: the graft is dead; and one practical disadvantage: the donor must be even younger than with frozen storage-less than 25 years of age. Frozen storage in either an empty tube or in 15 % glycerol saline has given very good results, and we have only been using freeze-dried arteries for one year. To summarize, we know frozen arteries work well and we think that freeze-drying will be as effective but as yet we are not sure.
